A study of the symmetry of roots and root canal morphology in mandibular anterior teeth using cone-beam computed tomographic imaging in a Polish population A study of the symmetry of roots and root canal morphology in mandibular anterior teeth using CBCT imaging in a Polish population Abstract Background: The purpose of the study was to analyze mandibular anterior teeth in a Polish population and determine the symmetry of root and root canal morphology between the right and left side using cone-beam computed tomography scanning.
INTRODUCTION
Both tooth anatomy and its variability from one patient to another are important factors when considering the proper cleaning of the root canal system and successful endodontic treatment [33] .
The omission of a root canal can be catastrophic during endodontic treatment, because some infectious areas could be left intact [29] . Therefore, efficient assessment of the anatomic pattern of tooth structures should be performed using the most accurate imaging methods, such as conventional periapical radiography and cone-beam computed tomography, before endodontic treatment [10, 16] . Conventional periapical radiography provides 2-dimensional images in which the roots may overlap with the surrounding tissue [32] . Cone-beam computed tomography (CBCT) imaging represents an innovative technique that allows the acquisition of 3-dimensional images [14, 19] .
In the last decade, Sommer et al. [29] proposed that mandibular incisors generally have a single root and root canal, but subsequent studies showed that there is a high prevalence of 2 canals in mandibular incisors. Further studies focused on root canal configurations and their high variability among different populations [12, 17] . In the literature, the presence of a second root canal has been observed in 14.1-27.3% of teeth [12, 17] . The classification of canals is based on the research of Vertucci, who classified canals into I -VIII types [32] . Subsequent studies of the anatomy of roots revealed the complexity of the root canal system, and their classification system was therefore extended [1, 15, 20, 26] .
A review of the literature revealed that using CBCT to assess symmetry in roots and/or root canal morphology in the mandibular anterior teeth has been performed only in Chinese, Turkish, Chongqing, and Israeli populations [2, 12, 27, 36] . There is little data in the literature concerning procedures in which 2 opposite teeth are treated in the same patient, even though this topic is highly clinically relevant [17, 20] . Therefore, the purpose of the study was to analyze mandibular anterior teeth in a Polish population and determine the symmetry of root and root canal morphology between the right and left side using cone-beam computed tomography scanning. The null hypothesis was that there are no differences between the left and right side roots and root canal morphologies of mandibular anterior teeth. The samples were selected based on the following Han et al. [12] criteria:
MATERIALS AND METHODS

Sample selection
1. CBCT images of mandibular anterior teeth with complete root formation were available.
2. Absence of root canal treatment.
3. Absence of coronal or post coronal restorations. 4. Absence of root resorption or periapical lesions.
5.
The examined teeth were located in the imaging field.
Image evaluation
CBCT images were obtained using a Cranex 3D (No. SE 1100155, Software Version Scanora 5.1.0.9; Soredex, Tuusula, Finland), and source data (the original DICOM images) were imported into image-analysis software (Horos, v. 2.1.1.) and evaluated in the MPR module of the 3D viewer ( Fig. 1) . The roots and canals of mandibular anterior teeth were observed independently by two trained investigators. Each tooth was evaluated separately. After virtual isolation of the tooth, its long axis and two other lines perpendicular to the long axis were established ( Fig. 1 ). Axial, sagittal, and cross-sectional slices with a thickness of 0.2-0.25 mm were used. The contrast and brightness of the images were adjusted using the software to ensure optimal visualization. The following parameters were recorded and evaluated: tooth position (right or left), the number and shapes of roots, the lengths and widths of teeth, the number of root canals, and the root canal configuration.
1. The number of root canals and their internal patterns were classified according to Vertucci's criteria [32] :  Type I: A single canal appears from the pulp chamber to the apex.  Type II: 2 separate canals leave the pulp chamber but merge into 1 canal at the exit  Type III: 1 canal leaves the pulp chamber, divides into 2 canals within the root, and then merges at the exit.  Type IV: 2 distinctly separate canals are present from the pulp chamber to the apex.  Type V: A single canal leaves the pulp chamber but divides into 2 canals.  Type VI: 2 separate canals leave the pulp chamber, join at the midpoint, and then divide again into 2 canals with 2 separate apical foramina.
 Type VII: 1 canal leaves the pulp chamber, divides into two, unites in the body of the root, and finally divides again into 2 separate canals with 2 separate apical foramina.  Type VIII: 3 separate and distinct canals begin in the pulp chamber and persist to the root apex.
 Supplemental types were also renamed, which and these were assigned next numbers Type IX (2-1-2-1), type X (1-2-1-2-1) and type XI (1-3).
2. The length of the tooth from edge to apex 3. The root width at the halfway distance from CEJ (cementoenamel junction) to the apex.
Statistical analysis
All continuous random variables were verified with the use of the Kolgomorov-Smirnov test due to the normality of their distribution. Verification of significant differences between the two groups was carried out using Student's t-test for independent variables. For continuous variables related to the symmetry between the right and left sides of a tooth, the Mann-Whitney test and Student's t-test were used. Noncontinuous variables are described as the number and frequency of occurrence. For statistical dependences between noncontinuous variables, the χ 2 Pearson's test were used. For discreet variables, to verify symmetry between the left and right sides, McNemar and Stuart-Maxwell (marginal homogeneity test) tests were performed. When p < 0.05, it was understood to indicate that symmetry was not maintained.
Correlations between noncontinuous serial variables as well as nominal and continuous
variables were examined using Spearman's and Pearson's tests. The results are described as the correlation coefficient (r), and probability (p), and in Pearson's analysis, the equations for the regression line were also described. Differences in the mentioned tests were considered statistically significant at the probability p < 0.05. All statistical analyses were performed using the statistical program STATA 11 with the license number 30110532736.
RESULTS
Anatomy of teeth
The data showed that central incisors were smaller than lateral incisors. The medium length and width of a central incisor with 1 root canal were 2.05 and 0.53 cm, respectively; the same measurements in lateral incisors were 2.20 and 0.56 cm, respectively; and in canines, they were 2.47 and 0.69 cm, respectively (Table 1) . There was a significant relationship between tooth length and width and the number of canals. The parameters analyzed above (length and, width) showed that incisors with 2 root canals were higher and significantly wider. The median lengths of canines with 2 root canals were significantly shorter than those of canines with 1 root canal, at 2.28 and 2.47 cm, respectively (p < 0.05) ( Table 1 ). All central and lateral incisors evaluated in this study had 1 root. Canines usually had a single root but much less often had 2 roots ( Table 2 , Fig. 2 ).
Anatomy of root canals
Canal types I and III were observed in all anterior teeth groups of the mandible. Other types were rare and were not present in all groups. The largest proportions of central and lateral incisors and canines had a type I root canal configuration. The next largest configuration was type III ( Table   2 ). Most of the second canals did not extend through the whole root length. In most cases, 1 canal began at the orifice and then divided into 2 before remaining separate canals or fusing again and forming 2 or 1 root foramen, respectively. Alternatively, 2 canals sometimes began from 2 orifices and then fused into 1 canal before separating again or continuing as a single canal ( Fig. 3 ). Most other configuration types were type V or II. Types IV, VI, and VII were also found but at relatively lower frequencies. Type IX (2-1-2-1), type X (1-2-1-2-1) and type XI (1-3) were also observed ( (Table 2 ).
In incisors, a second canal was found more often in men than in women, but this difference was only significant in lateral incisors (p < 0.05). In canines, women were more likely than men to have two canals, but this difference was not significant (p > 0.05). In each group of teeth, single teeth with 3 canals were observed (Table 1) .
Anatomic symmetry
An analysis of symmetry in roots and root canal morphologies showed that there were no significant differences between right and left side mandibular anterior teeth with regard for the number of roots, the number of canals and the Vertucci type. The highest symmetry in the number of roots was observed in incisors (100%) ( Table 2) .
DISCUSSION
CBCT provides technique for performing a more precise investigation of root canal systems and facilitates a detailed investigation of both the external and the internal anatomy of teeth 8, 9, 18, 22, 23, 25] . Using this approach, tooth anatomy can be simultaneously or separately observed from different angles by reconstructing 3D images, and the characteristics of a tooth can be both qualitatively and quantitatively assessed. CBCT images of teeth can reveal their anatomy in sagittal and horizontal sections [4, 6, 12, 13, 18, 20] . Analyses of the number of roots in mandibular anterior teeth have reported results in different populations: in India, Verma et al. [30] found that 100% of incisors had a single root; in Iran, Aminsobhani et al. [4] found that all incisors and 96.3% of canines had 1 root; Martins et al. [20] showed that 100% of incisors had a single root, while 2.8% of canines had 2 roots; and in China, by Zhengyan et al. [36] showed that central incisors had a single root (100%), while lateral incisors and canines had two roots in 0.3% and 0.8% of cases, respectively. Similar results were observed in Turkey, where Kayaoglu et al. [17] found that 100% of central incisors were single-rooted, while 0.1% of lateral incisors and 3.1% of canines had two roots. In our research, all incisors had a single root, while two roots were observed only in canines.
The lengths of teeth have been studied in a variety of ways, with some studies evaluating the total lengths of the teeth [4] or the lengths of their roots [3, 28] and others studying the length of the crown and the length of the root separately [31] . In our research, we focused our analysis on the total length of the teeth (from cusp to apex). Our measurements showed that the lengths of each group of teeth were slightly longer than those described in Aminsobhani et al. [4] .
An analysis of scans showed that not all authors consider the locations of teeth and their postanterior tilt. As a consequence, the dimensions of teeth viewed in axial sections (its AP anteriorposterior width) are extended [12] . In the course of our own research, we analyzed scans in three planes after defining a new axis: the axis of the tooth. After establishing this axis, a dentist can measure the width of the tooth and analyze the configuration of its canals. Our research shows that lateral incisors are wider than central incisors, but this difference was not significant. No similar comparisons were found in the literature. chambers that affected the initial and further course of the canals. These changes in the structure of the chamber matched our observations in teeth with type II and VI configurations. During our research, attention was given to the type 2-1 configuration, and we found that its division in the initial course was based not only on the root canal but also on its connection with the crown of the pulp (Fig. 2) . Changes in the chamber contributed to the canal being divided into 2 canals during the initial phase of its course.
Although the types of canals evaluated in this study were based on the classification of Vertucci [32] , not all studies have used these I -VIII types. Other studies have also included configurations described in other less widely cited studies, with some researchers considering only I -V types [2, 5, 28, 30] . Detailed diagnoses of teeth with rare root canal configurations were performed by Martins et al. [20] and Sert et al. [26] . They observed that supplemental configurations could be marked with subsequent numbers (IX and X, etc.). In analyzing the construction of root canals in our study, we observed that a majority of root canal morphologies were type I, followed by types III and V. This finding confirms the observations of other authors, who have found that the most common canal configurations are type I [2-6, 12, 15, 17, 28, 30] or, in the case of 2-canal teeth, type III [1-3, 7, 11, 12, 17, 23, 27, 28, 30, 36] . Haghanifar et al. [11] obtained different results; in their study, they observed the following Vertucci types, in order from most to least common: I, III, II, and V. Type V was observed in 0.3% of teeth. The type I configuration has been shown to be the most common in mandibular anterior teeth (59.5-91.1%), while the type III configuration has been observed in 2.8-33.7% and the type V configuration in 0.05-14.4% of teeth [2-5, 12, 18, 20, 28, 30] (Table 3 ). The methodology used and the number of tested samples had an influence on whether higher percentages were found in different variations.
In the literature, one can also find studies that have evaluated only the number of canals. Previous studies have found that a second canal is observed more often in lateral than in central incisors [12, 18, 30] . However, we found that a second canal was more frequently observed in central incisors than in lateral incisors. A study of the placement of canal divisions was performed by Martins et al. [20] . They found that in central incisors, the most common division occurred in the middle of the root (17.2%), while in the lateral incisors, it was in the coronal part (13.3%). These findings agree with our own observations. An analysis of symmetry in the morphologies of roots and root canals showed that there were no significant differences between the right and left sides in mandibular anterior teeth [36], mandibular canines [28] and mandibular and maxillary molars [23] . Altunsoy et al. [2] found that there was a likelihood of morphological symmetry in 95% of cases; this discovery helps dentists to better predict the morphology of canines in complicated cases. Zhengyan et al. [36] found no significant difference in the prevalence of multiroot canals between the left and right sides. In a study by Plotino et al. [23] , the rate of symmetry in first mandibular molars was 70.6%, while in maxillary molars, it was 71.1%. With regard for second molars, 81% of mandibular and 79.6% of maxillary molars were symmetrical. In our study, there were no statistically significant differences between the right and left sides in symmetry with regard for the number of roots, the number of canals and the Vertucci type.
Research on the relationship between the presence of a second canal in mandibular teeth and sex has produced various results among different studies. According to Verma et al. [30] , Zhengyan et al.
[36], Kayaoglu et al. [17] , second canals are observed more often in women than in men. In study by Verma at al. [30] , 15.2% of men and 20.4% of women had a second main canal.
Zhengyan et al. [36] reported that a second canal was observed in the lateral incisors in 9.4% of men and 11.9% of women. This result revealed a significant difference between the sexes (p < 0.05). Kayaoglu et al. [17] found no significant difference in this relationship and showed that canines with 2 roots were longer in men than in women in both buccal and lingual roots. Different results were obtained by Altunsoy et al. [2] , Liu et al. [18] and Soleymani et al. [28] . According to their research, the prevalence of teeth with two canals was higher in men than in women. In a study by Liu at al. [18] , 14.6% of males and 11.9% of females had a second canal, and this difference was not significant (p > 0.001). The results of our research were similar: men had second canals more frequently than women, but these results were significant only in lateral incisors. Collectively, we found that observations in different groups of teeth have yielded different results [7, 21, 24, 34, 35] .
CONCLUSION
This study provides supplemental information for dentists about the anatomy and symmetry of mandibular anterior teeth in a Polish population. All incisors had a single root, while two roots were observed only in canines. The largest proportions of central and lateral incisors and canines had a type I root canal configuration, and the next most common configuration was type III. The presence of a second canal in the central and lateral incisors was more prevalent in men than women. Symmetry was observed in roots and root canal morphology in all examined parameters.
CBCT is a useful technique for endodontic diagnostics and treatment. 1 
